® 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 374 694 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 89122913.0 
® Date of filing: 1Z1 2.89 



© Priority: 23.12.88 JP 323276/88 

@ Date of publication of application: 
27.06.90 Bulletin 90/26 

@ Designated Contracting States: 
^ DEFRGB 



© mt .Ci.5 :G01N 21/88, G01R 31/308, 
H01L 21/66 



@ Applicant: HITACHI, LTD. 

6, Kanda Surugadai 4-chome 
Chiyoda-ku Tokyo 101(JP) 

© Inventor: Maeda, Shunji 

Hitachi hachimanyama Apt 143 1545 
Yoshida-cho 

Totsuka-ku Yokohama-shi Kanagawa-ken(JP) 
Inventor: Kubota, Hitoshi 
567-2, Karasawa 
Fujisawa-shi Kanagawa-ken(JP) 



© Representative: Altenburg, Udo, Dipl.-Phys. et 
al 

Patent- und Rechtsanwalte 
Bardehle-Pagenberg-Dost-Altenburg 
Frohwitter-Geissler & Partner Postfach 86 06 
20 

D-8000 Munchen 86(DE) 



0 Defect detection system and method for pattern to be inspected. 



© A defect detection system and method for a 
pattern to be inspected wherein multiple-focus im- 
ages of the pattern to be inspected are obtained and 
a defect on the pattern to be inspected is detected 
utilizing the multiple-focus images. 
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DEFECT DETECTION SYSTEM AND METHOD FOR PATTERN TO BE INSPECTED 



Background of the Invention 

The present invention relates to a defect detec- 
tion method and the device for detecting a defect 
such as a foreign matter defect in the form of a 
contaminant, a discoloration defect, a deformation 
or pattern defect, etc. for LSI wafer patterns, etc. 

* Among conventional visual inspection systems, 
for example, the one described in Technical Jour- 
nal, Vol. 87, No. 132 (1987), pp. 31 to 38, The 
Institute of Electronics and Communication Engi- 
neers of Japan is well known. Such a system is 
shown in Fig. 23 where a circuit pattern on a wafer 
1 lighted with a lamp 2 is enlarged and detected 
with an image sensor 4 through an object lens 3, 
whereby a variable density image such as a gray 
scale image of the circuit pattern is obtained. The 
detected variable density image is compared with 
the image of the preceding chip 7a (adjacent chip) 
stored in an image memory 5 in a defect judgment 
circuit 6 for performing defect judgment. The de- 
tected image is simultaneously stored in the image 
memory 5 to be used for comparison with the next 
chip 7b. 

An example of defect judgment is shown in 
Fig. 24. A detected image and a stored image are 
aligned in an alignment circuit 6a and a difference 
in images between the aligned detected image and 
stored image is detected with a difference or sub- 
traction image detection circuit 6b. A defect is 
detected by binarizing the detected difference im- 
age in a binarization circuit 6c. With the above 
arrangement, a defect 8d existing in the detected 
image can be detected. As an example of devices 
of this type is described in SPIE Vol. 772, Optical 
Microlithography 6 (1987), pp. 247 to 255. 

In the prior art systems, a defect is detected 
by finding an unmatched point between corre- 
sponding patterns, so that the detected defect has 
to be observed with other observation apparatus, 
for example, an optical microscope or a SEM to 
identify the kind of the defect such as deformation 
defect, a discoloration defect or a foreign matter 
defect. 



Summary of the Invention 

It is therefore an object of the present invention 
to provide a defect detection method and system 
for a pattern to be inspected in which a defect such 
as a foreign matter defect, a discoloration defect 
and/or a deformation defect can be detected auto- 
matically in the pattern such as an LSI wafer pat- 
tern. 



Another object of the present invention is to 
provide a defect detection method and system for 
a pattern to be inspected in which a fatal defect 
and an insignificant detect can be discriminated in 
5 the pattern such as an LSI wafer pattern. 

In accordance with the present invention, a 
defect detection system and method for a pattern 
to be inspected comprises an image pickup for 
picking up multiple-focus images of the pattern and 
70 a defect detection arrangement for detecting a de- 
fect existing on the pattern by comparing signals of 
the multiple-focus images picked up with the image 
pickup and corresponding signals of a reference 
pattern. 

T5 According to a feature of the present invention, 

a defect detection arrangement is provided for de- 
tecting the kind of defect existing on the pattern 
based on signals of the multiple-focus images pic- 
ked up with the image pickup. 

20 According to another feature of the present 

invention, the signals of the multiple-focus images 
of the pattern to be tested and signals of multiple- 
focus images of a corresponding reference pattern 
having no defect are picked up by the image 

25 pickup, and a detection arrangement is provided 
for detecting the kind of defect existing on the 
pattern to be tested by comparing signals of the 
multiple-focus images with each other. 

The present invention also provides a defect 

30 detection system and method for a pattern to be 
tested which comprises an image pickup for pick- 
ing up multiple-focus images of the pattern to be 
tested and multiple-focus images of a correspond- 
ing reference pattern having no defect, a defect 

35 detection arrangement for detecting a defect by 
comparing at least some image signals in the 
multiple-focus image signals picked up with the 
image pickup to determine an unmatched point, a 
foreign matter defect detection arrangement for de- 

40 tecting a defect detected with the defect detection 
arrangement as a foreign matter defect based on a 
difference or subtraction image signal obtained by 
comparing multiple-focus image signals with each 
other, and a discoloration defect detection arrange- 

45 ment for detecting a defect detected with the de- 
fect detection arrangement as a discoloration de- 
fect based on a difference signal obtained by com- 
paring differentiated signals with each other ob- 
tained from differential processing of the image 

so signals. 

According to the present invention a defect 
detection system and method for a pattern to be 
inspected includes a first image pickup for picking 
up an image of a pattern and an image of a 
corresponding reference pattern having no defect, 
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a defect detection arrangement for detecting a de- 
fect by comparing image signals picked up with 
the first image pickup to determine an unmatched 
point, a second image pickup for picking up 
multiple-focus images of the pattern to be inspect- 5 
ed and multiple-focus images of a corresponding 
reference pattern having no defect, a foreign matter 
defect detection arrangement for detecting a defect 
as a foreign matter defect based on a difference 
image signal obtained by comparing the multiple- io 
focus image signals with each other, and a discol- 
oration defect detection arrangement for detecting 
a defect as a discoloration defect based on a 
difference signal obtained by comparing differen- 
tiated signals with each other obtained from dif- rs 
ferential processing of the above-mentioned im- 
ages. 

The present invention according to a feature 
thereof, provides a defect detection system and 
method for a pattern to be inspected including an 20 
image pickup for picking up muiti pie-focus images 
of the pattern, multiple-focus images of a cor- 
responding reference pattern having no defect, an 
optically differentiation-processed image of the pat- 
tern to be inspected, and an optically 25 
differentiation-processed image of the correspond- 
ing reference pattern having no defect; a defect 
detection arrangement for detecting a defect by 
comparing at least some image signals in the 
multiple-focus image signals to determine an un- 30 
matched portion; a foreign matter defect detection 
arrangement for detecting a defect as a foreign 
matter defect based on a difference image .signal 
obtained by comparing multiple-focus image sig- 
nals with each other; and a discoloration defect 35 
detection arrangement for detecting a defect as a 
discoloration defect based on a difference signal 
obtained by comparing differentiated signals with 
each other obtained. 

The present invention also provides a defect 40 
detection system and method for a pattern to be 
inspected which includes an image pickup for pick- 
ing up an image of the pattern to be inspected, a 
defect detection arrangement for detecting a defect 
by comparing an image signal picked up by the 45 
image pickup and a reference pattern signal; a 
foreign matter defect detection arrangement for de- 
tecting a defect as a foreign matter defect based 
on the image signal picked up; a deformation de- 
fect detection arrangement or a discoloration defect 60 
detection arrangement for detecting a defect de- 
tected as a deformation defect or a discoloration 
defect based on the image signal picked up; a 
storage arrangement for storing the information on 
a foreign matter defect detected with the foreign 55 
matter defect detection arrangement and the in- 
formation on a deformation defect or a discolor- 
ation defect detected with the deformation defect 



detection arrangement or discoloration defect de- 
tection means corresponding to the position on the 
pattern to be inspected of a defect detected; and a 
comparison arrangement for comparing the infor- 
mation on a foreign matter defect and the informa- 
tion on a deformation defect or discoloration defect 
at the same position on the pattern to be inspected 
in reading out the pieces of information indicative 
of the defects from the storage means. 

The present invention further provides a defect 
detection system and method for a pattern to be 
inspected including an image pickup for picking up 
a bright field image of the pattern to be inspected, 
a bright field image of a corresponding reference 
pattern having no defect, a dark field image of the 
pattern to be inspected, and a dark field image of 
the corresponding reference pattern having no de- 
fect; a defect detection arrangement for detecting a 
defect by comparing bright field image signals to 
determine an unmatched point; a deformation de- 
fect detection arrangement or a foreign matter de- 
fect detection arrangement for detecting a defect 
as a deformation defect or a foreign matter defect 
based on a difference signal obtained by compar- 
ing bright field images with each other; and a 
discoloration defect detection arrangement for de- 
tecting a defect as a discoloration defect based on 
a difference signal obtained by comparing dark 
field images with each other. 

The above and other objects, features, and 
advantages of the present invention will become 
more apparent from the following description when 
taken in connection with the accompanying draw- 
ings which show, for the purposes of illustration 
only, several embodiments in accordance with the 
present invention. 

Brief Description of the Drawings 

Fig. 1 shows the relation between a pattern 
to be inspected and Z focal point positions; 

Fig 2 shows the relation between a Z posi- 
tion on a focal plane and a density value of a 
difference image in each defect; 

Fig. 3 shows the relation between the order 
of differentiation and a density value of a difference 
image; 

Fig. 4 shows an embodiment of a defect 
detection system for a pattern to be inspected 
according to the present invention; 

Fig. 5 shows a state where circuit patterns in 
the positions inside adjacent chips on a wafer are 
compared in the system shown in Fig. 4; 

Figs. 6(a-e) show a detected image, a stored 
image, aligned images, a difference image and a 
binarized image, respectively, obtained in the sys- 
tem of Fig. 4; 
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Figs. 7(a-d) show a defective portion image 
and a nondefective portion image at Z = Zi, a dif- 
ference image obtained in aligning the two images 
and a density value waveform of the difference 
image, respectively, obtained in the system of Ftg. s 
4; 

Fig. 8 is a flow chart for the judgment of the 
kind of defect with the defect classification circuit 
of the system of Fig. 1; 

Fig. 9 shows the image differentiation pro- w 
cessing performed with the differentiation circuit 
shown in Fig. 1; 

Fig. 10(a-b) show second order differenti- 
ation circuits of the system of Fig. 1; 

Fig, 11 is a flow chart for processing utilizing is 
the system of Fig. 4; 

Fig. 12 shows various kinds of defects exist- 
ing on a pattern to be inspected; 

Fig. 13 is a flow chart for processing dif- 
ferent from that shown in Fig. 11; " 20 

Fig. 14 shows an embodiment in which de- 
fect detection and defect classification are per- 
formed with different optical systems; 

Fig. 15 shows another embodiment of a 
multiple-focus image pickup; 25 

Fig. 16 shows another embodiment of the 
present invention utilizing the pickup of Fig. 15; 

Fig. 17 shows an optical detector utilizing 
bright and dark field illumination; 

Fig. 18 shows a discoloration detection sys- ao 
tern and defect detection system utilizing an optical 
detector of Fig. 17; 

. Fig, 19 shows the relations between the den- 
sity values of difference images, and the bright 
field illumination and the dark field illumination in 35 
each kind of defect; 

Fig. 20 shows a different embodiment for 
dark field image detection for determining con- 
taminants; 

Fig, 21 shows a system for discriminating a 40 
defect which is not fatal and a fatal defect utilizing 
the defect detection system for a pattern to be 
inspected according to the present invention in a 
semiconductor manufacturing line; 

Fig. 22 shows an embodiment of a system 45 
for judging the fatalness of a foreign matter or 
contaminant defect utilizing a visual inspection de- 
vice; 

Fig. 23 shows a prior art defect detection 
device; 50 

Fig. 24 shows a prior art defect detection 
device; 

Fig. 1 shows the relation between a pattern 
to be inspected and focal point positions; 

Fig. 16 shows the relation between a Z posi- 55 
tion on a focal plane and a density value of a 
difference image in each detect; 

Fig. 17 shows the relation between the order 



of differentiation and a density value of a difference 
image; 

Fig. 18 is a flow chart for processing utilizing 
the system of Fig. 1; 

Fig. 19 is a flow chart for processing dif- 
ferent from that shown in Fig. 18; 

Fig. 20 shows an embodiment of a system 
for judging the fatalness of a foreign matter or 
contaminant defect utilizing a visual inspection de- 
vice; 

Fig. 21 shows an embodiment in which de- 
fect detection and defect classification are per- 
formed with different optical systems; 

Fig. 22 shows various kinds of defects exist- 
ing on a pattern to be inspected; 

Fig. 23 shows a prior art defect detection 
device; 

Fig. 24 shows a prior art defect detection 

circuit. 

Detailed Description of the Preferred Embodiments 

The present invention utilizes the following fea- 
tures for inspecting a pattern: 

(1) Multiple-focus images (variable density or 
gray scale images) are detected and compared 
with each other by moving a wafer to a detected 
defective portion and to a corresponding nondefec- 
tive portion and moving the wafer up and down (Z 
direction) or utilizing multiple image pickups having 
different focal positions, a detection arrangement 
for detecting circuit pattern images in a plurality of 
Z positions and a storage arrangement for storing 
detected images. 

(2) A foreign matter defect is judged with a 
detection arrangement for detecting the density 
change in the Z direction on a difference image 
obtained by comparing variable density images at 
a defective portion and a nondefective portion in 
each Z position. 

(3) On a focal plane, detected variable den- 
sity images in a defective portion and in a non- 
defective portion are compared after spatial dif- 
ferentiation, and a discoloration defect is judged 
with a detection arrangement which detects a den- 
sity variation of a difference image depending on 
the differentiation order. 

<4) Foreign matter or contaminant defects 
and discoloration defects are judged successively 
in this order with the aforementioned detection 
arrangements, and the remainder of the defects are 
judged to be deformation or pattern defects. 

Referring to Fig. 1 of the drawings, a circuit 
pattern 11 on a wafer 1 to be inspected is illus- 
trated, and multiple-focus images are detected at a 
plurality of points Z 3 . Z 2 , Z- 3 . which are located 
apart from each other on a straight line in Z direc- 
tion through the focal point Zo on the upper side 
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and lower side of ZO. Therefore the image de- 
tected at Zo is in focus for the circuit pattern 11 
(pattern to be inspected), but the images at Zi, Z2 
or Z3 are out of focus and the images of the circuit 
pattern 11 are blurred. A foreign matter or con- 
taminant 10 such as a piece of dust, etc. is shown 
on the circuit pattern 1 1. so that the image of the 
foreign matter can be still in focus at Zi. This is the 
point to which attention is to be paid. When Z 
positions of focal planes are expressed on the axis 
of abscissas and density or gray scale values in 
gradation of difference images between the images 
at a defective portion and a nondefective portion 
are expressed on the axis of ordinates, a foreign 
matter or contaminant defect has a different 
waveform from that of a deformation or pattern 
defect or of a discoloration defect, so that a foreign 
matter defect can be discriminated as shown in 
Fig. 2. 

When a variable density image detected on a 
focal plane Zo is spatially-differentiated, in the case 
o1 discoloration defect a DC component predomi- 
nates, so that the density of a difference image of 
differentiated images becomes small as compared 
with that of a deformation defect or of a foreign 
matter defect. Assuming that the axis of abscissas' 
expresses the order of differentiation, that is a first 
order differentiation and a second order differenti- 
ation (a zero order differentiation being indicative of 
no differentiation), and the axis of ordinates ex- 
presses the density values of difference images, 
then a discoloration defect takes a different 
waveform from that of a deformation defect or a 
foreign matter defect as shown in Fig. 3. Thereby a 
discoloration defect can be discriminated. 

Defects other than foreign matter defects and 
discoloration defects discriminated by waveform 
analysis are considered to have some defects in 
the shape of a circuit pattern and they are judged 
to be deformation or pattern defects. 

Tests or inspections are performed before and 
after the processing of a pattern to be inspected 
with a manufacturing device etc., and when a de- 
fect is detected in the same place on the pattern in 
both cases, i.e., before and after processing and if 
the defect is detected as a foreign matter defect in 
the before-process test and detected in the after- 
process test as a deformation defect or a discolor- 
ation defect the defect is discriminated (classified) 
as a fatal defect. These fatal defects are properly 
removed or patterns with them are not utilized so 
as to enable reliable manufacture of IC's and LSPS. 

An embodiment of the present invention de- 
scribed with reference to Fig. 4 wherein a circuit 
pattern to be inspected on the wafer 1 is illumi- 
nated by a Xe lamp 12 and is enlarged and de- 
tected with a TV camera 1 3 through an object lens 
3. The output of the TV camera is converted to a 



digital signal with an A/D converter 14. Any pho- 
toelectric converter such as a TV camera or linear 
image sensor can be used. In the case of a linear* 
image sensor, a two dimensional pattern on a wafer 
5 is detected with the self-scanning operation and an 
xy table which moves at a right angle to the direc- 
tion of the self-scanning operation. The detected 
variable density or gray scale image is compared 
with the image of the preceding chip stored in an 
70 image memory 15b for the judgment of a defect. In 
other words a defect is detected, as shown in Fig. 
5, by detecting a circuit pattern in a position 7d 
inside a chip 7 and comparing the detected circuit 
pattern image signals with a circuit pattern image 
75 signals in a position 7c, which is a position cor- 
responding to that of the adjacent chip previously 
detected and stored in the image memory 1 5b. 

At first, a detected image. Fig. 6(a), and a 
stored image, Fig. 6(b). are aligned, Fig. 6(c) in an 
20 alignment circuit 16 shown in Fig. 4 t and a dif- 
ference image between the aligned detected image 
and stored image is detected. Fig. 6(d). with a 
difference image detection circuit 17 shown in Fig. 
4. A binary image, Fig. 6(e), is obtained by binariz- 
25 ing the difference image signal in a binarization 
circuit 18 as shown in Fig. 4. in this way, pattern 
breakage 8b existing in the detected image, Fig. 6- 
(a), is detected as a defect. The image obtained by 
detecting a circuit pattern in a position- 7d is newly 
30 stored in the image memory 15b and is used for 
the test in a position 7e, the position of the next 
chip. 

In Fig. 5, if a defect is in the position 7d the 
defect can be detected in the comparison between 
35 the patterns in the 7c and the 7d positions and also 
between patterns in the 7d and the 7e positions, so 
that in collating individual two-chips-comparison re- 
sults with each other the location of the defect can 
be specified. The collation is performed with a CPU 
40 31 shown in Fig. 4. 

When a defect is judged to be in the 7d 
positions with the signal from the binarization cir- 
cuit 18, the wafer is moved with a Z control circuit 
19 which moves the wafer up and down to detect 
45 the images of the defective portion 7d in individual 
Z positions and these images are stored in the 
image memory 15a. The movement of a wafer in 
xy direction is effected by a xy control circuit 20. 
and a wafer is moved to a nondefective portion 
so corresponding to the defective portion, for example, 
to the position 7c and the images of the nondefec- 
tive portion are detected at individual Z positions in 
the similar manner to the case of the defective 
portion 7d, and these images are stored in the 
55 image memory 15a. A defective portion image at Z 
= Zi stored in the image memory 15a is aligned 
with a nondefective portion image at Z = Zi stored 
in the image memory 15b in an alignment circuit 
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21a. A difference image between the aligned im- 
ages is detected with a difference image detection 
circuit 22a and the density value at a defective 
portion of a difference image is detected with a 
maximum value detection circuit 23a. 

These processes are shown in Fig. l\ A dif- 
ference image, Fig. 7(c) is obtained by aligning a 
defective portion image, Fig. 7 (a) and a nondefec- 
tive portion image, Fig. 7(b). A maximum value of 
density in the difference image. Fig. 7(c) is de- 
tected with the maximum value detection circuit 
23a. Fig. 7(d). The density difference between the 
defective portion 8b and the nondefective portion is 
so large that the density difference between the 
defective portion 8b and the non-defective portion 
can be detected with the maximum value detection 
circuit 23a; 

In similar manner, the images of a defective 
portion and a nondefective portion at Z 2 to Z n 
positions stored in the image memories 15a and 
15b are aligned in the alignment circuits 21b to 
21 n, and the difference images are detected with 
image detection circuits 22b to 22n, and the den- 
sity values of the difference images at defective 
portions are detected with the maximum value de- 
tection circuits 23b to 23n. For example, 2n + 1 
sheets of •variable density images having picture 
elements of 1024 x 1024 are stored in each of 
these image memories 15a and 15b. 

The image memory 15a, in addition to storing 
multiple focus images, has a storage capacity for 
storing a sheet of variable density image to be 
used for ordinary defect judgment. Owing to this 
function, it is made possible to realize a sequence 
control in which defect judgment and defect clas- 
sification can be made alternately as described 
later. 

A defective portion image and a nondefective 
image at Z =. Zo are aligned in a alignment circuit 
24, and the first order derivatives of these images 
are obtained with a first order differentiation circuit 
25a, and the difference image therebetween is de- 
tected with a . difference image detection circuit 
26a, and then the density value of the defective 
portion in the difference image is detected with a 
maximum value detection circuit 27a. In a similar 
manner, the second order derivatives of a defect 
portion image and a nondefective portion image 
are obtained in a second order differentiation circuit 
25b, and a difference image therebetween is de- 
tected with a difference image detection circuit 
26b, and then the density value of the difference 
image is detected with a maximum value detection 
circuit 27b. 

All of these detected values are input to a 
defect classification circuit 30. The defect kind 
judgment is made in the defect classification circuit 
30 based on pig. 2 and Fig. 3 in accordance with 



the flow chart of Fig. 8, which processing is ob- 
tained by software. 

Referring to Fig. 4, a lens having shallow focus 
depth, a high resolution characteristic and a large 

s value of NA such as 0.8 to 0.95 is selected for the 
object lens 3. When a defect is detected, utilizing 
the object lens of shallow focus depth, images are 
detected moving a wafer up and down, for exam- 
ple, at intervals of 0.2 um; among these images 

70 only one image on a certain plane is in focus. 
When the images are detected in the range of 0.6 
um, seven different focal plane images are de- 
tected, i.e., Z3, Z1 ... Z-3. The alignment between 
a defective portion image and a nondefective por- 

15 tion image is performed in the alignment circuit 16, 
21a to 21 n. and 24. This alignment can be effected 
in the manner described in The Technical Journal 
Vol. 87, No. 132. pp 31 to 38 of The Institute of 
Electronics and Communication Engineers of Ja- 

20 pan. After the detection of difference images of 
seven pairs of aligned images, the density values 
of the difference images are detected; in the case 
where a defect is a foreign matter defect, the 
density values at Z1 and Z 2 located on the upper 

25 side of a focal plane Zo are still comparatively 
large as shown in Fig. 2, so that the defect can be 
easily judged if it is a foreign matter defect in the 
classification circuit 30, for example by following 
the flow chart shown in Fig. 8. 

30 Differentiation of an image is performed in a 

differential circuit 25; second order differentiation of 
an image is realized by processing the image with 
four kinds of edge operators (1, -2, 1) and by 
detecting the maximum value as shown in Fig. 9 

35 and as described in U.S. Patent No. 4,791,586. 

A second order differentiation circuit 25b is 
shown in Fig. 10. In Fig. 10(a), for example, an 8 
bit digital image signal from the alignment circuit 
24 is received in a three stage shift register 250; 

40 the output of the first stage and the third stage is 
supplied to an adder 251 and the output of the 
second stage is supplied to an amplifier 252 having 
a gain of two. The output of the adder 251 and the 
output of the amplifier 252 are supplied to a sub- 

45 tracter 253. An operator of w 1 . -2, 1 w is constituted 
by the shift register 250. the adder 251, the am- 
plifier 252 and the subtracter 253. 

Pig. 10(b) shows a circuit for differentiation in 
three directions, a longitudinal direction, a horizon- 

50 tal direction and a diagonal direction; the output of 
the aligning circuit 24 is supplied to a 3 x 3 slicing 
circuit 254, and three picture elements of a longitu- 
dinal direction, a horizontal direction and a diagonal 
direction are selected and they are supplied to four 

55 operators OP1 to OP4 to differentiate an image 
signal. Each operator can be similar to that shown 
in Fig. 10(a). The output of these four operators is 
supplied to a maximum value detection circuit 255 
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and the maximum value among such outputs is 
selected. 

After differentiation a difference image is de- 
tected with the density value having a waveform as 
shown in Fig. 3. In the case of a discoloration 
defect the density value is small, so that it can be 
easily judged if the defect is a discoloration defect 
with the defect classification circuit 30 following the 
flow chart shown in Fig. 8. It is recognized that 
such discoloration defect determination is indepen- 
dent of the illumination light wavelength. 

A process flow is shown in Fig. 11. The axis of 
abscissas expresses time. A test is made repeat- 
edly in performing image detection and defect 
judgment as shown in part (a). Image detection is 
made with a TV camera 13, an A/D converter 14 
and an image memory 15a as shown in Fig. 4, and 
defect judgment is made with an alignment circuit 
16, a difference image detection circuit 17, a 
binarization circuit 18 and a CPU 31 which speci- 
fies a defect position. When a defect is detected, 
the above-mentioned testing is suspended and 
multiple-focus images of a defect portion and a 
corresponding nondefective portion are detected as 
shown in part (b). This image detection is made 
with the TV camera 13. A/D converter 14 and 
image memories 15a and 15b. In the next step, the 
difference images of these images and the maxi- 
mum value are detected. These processes are 
realized with alignment circuits 21a, ... , 21 n, and 
24; difference image detection circuits 22a. ... , 
22n, 26a and 26b; differentiation circuits 25a and 
25b; and maximum value detection circuits 23a, 
23n, 27a and 27b. When all the maximum values of 
images and the maximum values of difference im- 
ages of differentiated images at each Z position are 
detected, defects are classified into foreign matter 
defects, discoloration defects or deformation de- 
fects with the defect classification circuit 30. And 
again image detection and defect judgment are 
repeatedly performed until a defect is detected as 

shown in part (a ). 

The defects existing on a test object pattern on 
a wafer are shown in Fig. 12. Detection object 
defects to be found, on a circuit pattern are de- 
formation or pattern defects 8 such as swell out 
defects 8a, breakage defects 8b, short-circuit de- 
fects 8c or chipped off defects such as notches 8d, 
discoloration defects 9 or foreign matter or con- 
taminant defects 10/ 

The above explanation has been directed to a 
sequence is explained in which in each case when 
a defect is detected classification is made, but 
another sequence as shown in Fig. 13 can be 
used, for example, in which all the defects on a 
wafer are detected and the position coordinates 
thereof are stored in the CPU 31, and after the 
testing, defect classification is effected by reading 



out the defects successively from the memory. 

It is also possible to perform defect detection 
and defect classification in different optical systems 
for performing defect detection at a high speed 
5 with low magnification and defect classification ac- 
curately with high magnification as shown in Fig. 
14, the various parts being designated by like 
reference numerals as utilized in Fig. 4. Any type 
of illumination device may be utilized. Generally, 
70 inspection is carried out at high speed which ne- 
cessitate an object lens 31 of lower magnification 
and which when utilized in an inspection system 
enables detection of existence of defects, but 
which has insufficient resolution to enable clas- 
75 sification of defects. That is, when a defect is 
classified as described in connection with Fig. 4, 
the object lens 3 has high resolution. For example, 
if a high N.A. (Numerical Aperture) object lens, i.e., 
a high magnification lens is utilized, the multiple- 
20 focus images can be readily obtained due to the 
shallow focal depth thereof and such multiple-focus 
images are utilized for defect classification. By 
utilizing the two systems as shown in Fig. 14, lower 
magnification with object lens 3' for defect detec- 
25 tion at high speed and higher magnification with 
object lens 3 for defect classification at lower 
speed only a small amount of additional time is 
required since the classification is conducted only 
for the previously detected defects. Thus, the total 
30 inspection time for classification of defects is re- 
duced. In Fig. 14, the object lens may be ex- 
changed after defects are detected, and then the 
defects are classified. With exchange of the object 
lens, the lamp 1 2 and the TV camera are utilized in 

35 common. 

Fig. 1 5 shows another embodiment of multiple- 
focus image pickup. With this image pickup, it is 
possible to simultaneously obtain a plurality of im- 
ages having focal planes at Z 3 Z-3 by setting a 

40 plurality of TV cameras 13a. 13b, ... in an optical 
path apart from each other and with different focal 
positions, thereby avoiding movement of wafer 1 
up and down with Z control circuit 19. 

Fig. 9 shows the system utilizing the pickup of 
45 Fig. 8 wherein an image in focus is obtained with 
the camera 13a and is input to the image memory 
15a to be used for defect judgment and also input 
to the alignment circuit 16 through the A/D con- 
verter 14a. When defects are being classified, all 
so images obtained with cameras 13a to 13n are input 
simultaneously to the image memories 15a and 
15b. Therefore, the image memories have the ca- 
pacity to be able to write n sheets of images 
simultaneously. In reading however, it is sufficient 
55 that an image can be read from the memory one 
sheet by one sheet. 

In Rg. 4 an image is differentiated for judging a 
discoloration defect, but it can be judged with other 
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circuit constructions. As described in the book, 
"Methods of Image Pattern Recognition" pp. 17 
and 18 published by Corona Inc. , an edge of a 
cireuit pattern can be emphasized when Fourier 
transformation is applied to an image signal and 5 
after filtering, an inverted Fourier transformation is 
applied. Utilizing the above method, a difference 
image between a defective portion image and a 
nondefective portion image is detected and based 
on the magnitude of a density value a defect can to 
be judged as a discoloration defect. 

It is also possible to discriminate a discolor- 
ation defect with an optical arrangement. As shown 
in Fig. 17, an image detection system is con- 
stituted with a dark field illumination system com- is 
prising a lamp 32, a condenser lens 33, a narrow 
band filter 34 (wavelength \i) for selecting the 
wave length for dark field illumination, a ring- 
shaped aperture slit 35, a ring-shaped mirror 36, 
and a parabolic concave mirror 37; and with a 20 
bright field illumination system comprising a lamp 
38. a condenser lens 39, a wave length selecting 
filter 40 (wavelength X 2 ), a circular aperture slit 41, 
a half-mirror 42. an object lens 43, a wavelength 
separation mirror 44, a dark field image detection 25 
TV camera 45, and a bright field image detection 
TV camera 46. In the above-mentioned image de- 
tection system, dark field illumination is limited to a 
wavelength \i with the filter 34 and the light is 
radiated in a slant direction from surroundings onto 30 
the pattern with the concave parabolic mirror 37, 
and bright field illumination is limited to a 
wavelength X2 and the light is radiated onto, the 
pattern from above. A dark field image of a defec- 
tive portion and a dark field image of a nondefec- 35 
tive portion are detected and these images are 
aligned in the alignment circuit 24a shown in Fig. 
1 1 and then a difference image is detected with the 
difference image detection circuit 26a. 

In similar manner, a bright field image of a 40 
defective portion and a bright field image of a 
nondefective portion are detected and these im- 
ages are aligned in the alignment circuit 24b and 
then a difference image is detected with a dif- 
ference image detection circuit 26b. The density 45 
values of these difference images are detected in 
the maximum value detection circuits 27a and 27b. 
Then, as shown in Fig. 19, if the defect is a 
discoloration defect the density value in the case 
of the dark field illumination is small in comparison 50 
with the case of a deformation defect or a foreign 
matter defect, so that the defect is easily judged to 
be a discoloration defect. As recognized, such dis- 
coloration defect determination is wavelength de- 
pendent. Fig. 18, the alignment circuit 16, the dif- 55 
ference image detection circuit 17, and the 
binarization circuit 18 are conventional circuits used 
for defect judgment as shown in Fig.' 4. 



In Fig. 20, a detection system which can be 
utilized in place of the detection of dark field im- 
ages is illustrated, wherein a wafer 1 is irradiated 
with an S polarized laser beam at an angle of 4> 
with S polarization lasers 47a and 47b. The angle $ 
is about 1 degree. In this case, a laser beam which 
vibrates at a right angle to the plane formed with a 
normal line to the wafer and the radiating laser 
beam is called an S polarization laser beam and 
the beam which vibrates parallel to the plane is 
called a P polarization laser beam. When a circuit 
pattern on the wafer has low steps only, the po- 
larization direction of the scattered light is not 
changed and proceeds towards an object lens 48 
keeping the S polarization plane as it is as shown 
in solid line, but in the case where there is a 
foreign matter or a high step in the pattern, the 
polarization plane of the laser beam which im- 
pinges on the pattern is changed, so that it con- 
tains many P polarization components shown in 
dotted line. Therefore, the scattered light from a 
circuit pattern edge having a foreign matter or a 
high step can be detected by providing a polar 
screen 49 which cuts off the S polarization beam 
behind the object lens 48 and by detecting the light 
which passes through the screen with an optical 
element 50 such as a photomultiplier. The scat- 
tered light signal is converted to a digital signal 
with the A/D converter 14. The detected signal is 
compared with the preceding chip signal stored in 
the image memory 15a. These signals are aligned 
in the alignment circuit 16 and the difference signal 
is detected with the difference signal detection 
circuit 17. The scattered light signal from a circuit 
pattern edge with a high step is contained in both 
signals in common, so that only the scattered light 
signal from a foreign matter is contained in the 
difference signal. A defect can be detected by 
binarizing the difference signal with the binarization 
circuit 18, thereby defect detection can be per- 
formed. The aforedescribed arrangement is sub- 
stantially disclosed in "The Japan Society of Ap- 
plied Physics and Related Societies", March 1988. 
pg. 701 and is utilized to detect a defect such as a 
contaminant. 

By using the defect detection system de- 
scribed above, it is also possible to realize a more 
effective processing system which is described in 
the following. As shown in Fig. 21. a semiconductor 
manufacturing line is provided wherein a pattern on 
a wafer is successively formed or manufactured by 
successive processing, for example, in a plurality 
of devices A, B ...F, wherein the devices may be 
identical or different A wafer is inspected utilizing a 
detection system having the construction described 
in the above, and in each of these devices A, B, ... 
, F inspection and defect classification are per- 
formed prior to and after processing in the respec- 
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tive device by a test or inspection apparatus as 
represented by the double headed arrows. The 
occurrence of a defect can be examined as the 
wafer passes through each of these devices by 
checking the coordinates of the defect. For exam- 
ple, a defect detected in the inspection of a wafer 
processed in device B can be a defect originating 
in the preceding device A or a defect produced or 
occurring in the device B. It can be determined 
whether the defect is produced in the device B or 
occurred in the preceding device A by referring to 
the defect data obtained in the inspection when the 
wafer is processed in the device A. Among the 
defects introduced from the preceding device A, 
some of the foreign matter defects do not cause 
deformation defects or discoloration defects in the 
device B. That is, a pattern with a fatal foreign 
matter defect is without fail detected as a pattern 
with a deformation defect or a discoloration defect 
in the following device, but a pattern having no fata! 
foreign matter defect is not detected as a deforma- 
tion defect in the following devices and is accepted 
as a good article. On a defect classified as a 
foreign matter defect by a inspection apparatus 
having a construction as described above, its co- 
ordinates are stored in a memory, and its fatalness 
can be judged by performing detection and clas- 
sification of the defect again after the wafer passes 
through the next device as shown in Fig. 21 . There- 
by, it becomes possible to obtain more accurate 
information of the condition of a manufacturing and 

line accurately. 

For example, if a large number of foreign mat- 
ter defects occur in device A, whereas a small 
number of foreign matter defects occur in device 
C. but more fatal foreign matter defects are caused 
in device C than in device A, then device C is 
primarily responsible for reducing yield and prob- 
lems in device C must be corrected. Such correc- 
tion may entail cleaning or tuning of device C. That 
is, for manufacturing purposes, the number of de- 
fects occurring in a particular device is not impor- 
tant so long as the defects are not fatal foreign 
matter defects and with the disclosed system, the 
count of fatal foreign matter defects is detected 
and the appropriate device corrected so as to im- 
prove yield. 

Fig. 22 shows a system for judging the fatal- 
ness of a foreign matter defect by using a visual 
inspection apparatus. In the figure, a defect is 
detected with a defect judgment section 40 and the 
coordinates are stored in a defect attribute storage 
section 42. For a detected defective portion, the 
defects are classified into foreign matter defects 
and other defects with the defect classification sec- 
tion 41 and are stored in the defect attribute stor- 
age section 42 coupled with their coordinates. After 
the same wafer is processed in the next process or 



device the wafer is inspected and defect judgment 
and classification are performed in- a similar man- 
ner and the defect coordinates and the kind thereof 
are stored in the defect attribute storage section 
5 42. For a defect which is judged to be a foreign 
matter defect in the preceding process or device 
its coordinates are examined at the fatalness judg- 
ment section 43 and if the defect is judged in the 
next process or device to be a deformation defect 
70 or a discoloration defect, the defect is judged to be 
a fatal defect. 

Several embodiments have been described 
above, and in every case an object wafer images 
are detected and their positions are aligned to 
75 perform defect judgment and defect classification. 
At a place where the density of a circuit pattern on 
a wafer is small, it can occur that there is a pattern 
in the corner of one of the two images to be 
aligned and no pattern in the corresponding corner 
20 of the other image, which makes the accurate 
alignment of images impossible. Therefore, a dum- 
my pattern is inserted into the area where no 
pattern is found so that in every detected image a 
pattern may be found and accurate alignment may 
25 be possible. A pattern of any shape can be used. 

In the above embodiments, wafers have been 
referred to for explanatory purposes but the 
present invention can be utilized for semiconductor 
products such as TFT's or thin film magnetic 
30 heads. 

According to the present invention, the defects 
detected with the visual inspection system can be 
automatically classified and visual observation is 
not needed. Foreign matter defects can be judged 
35 whether they are fatal or not. Thus the present 
invention can greatly contribute much to the devel- 
opment of the yield management of manufacturing 
process and facilities. 

While we have shown and described several 
40 embodiments in accordance with the present in- 
vention, it is understood that the same is not limit- 
ed thereto but is susceptible to numerous changes 
and modifications as known to one of ordinary skill 
in the art, and we therefore do not wish to be 
45 limited to the details shown and described herein 
but intend to cover all such modifications a$- are 
encompassed by the scope of the appended 
claims. 

50 

Claims 

1 . A defect detection method for a pattern to 
be inspected comprising the steps of obtaining 

55 multiple-focus images of the pattern to be inspect- 
ed, and detecting a defect on the pattern to be 
inspected utilizing the multiple-focus images. 

2. A defect detection method according to 
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claim. T, wherein the step of obtaining multiple- 
focus images of the pattern to be inspected in- 
cludes one of simultaneously obtaining a plurality 
of images of the pattern to be inspected at different 
focal positions and sequentially obtaining a plurality 
ot images of the pattern to be inspected at different 
focal positions. 

-3. A defect detection method according to 
claim 1, wherein the step of detecting a defect 
includes comparing at least one image of the 
multiple-focus images of the pattern to be inspect- 
ed with at least a corresponding one of multiple- 
focus images of a reference pattern. 

4. A defect detection method according to 
claim 3, wherein the defect detected is at least one 
of a foreign matter defect, a discoloration defect 
and. a deformation defect. 

. 5. A defect detection method according to 
claim 3, wherein the step of detecting a defect 
includes detecting at least two of a foreign matter 
to defect, a discoloration defect and a deformation 
defect. 

6. A defect detection method according to 
claim 3, wherein the corresponding reference pat- 
tern has no defects and multiple-focus images 
thereof are obtained, the step of detecting a defect 
includes comparing signals of the multiple-focus 
images with each other to determine an unmatched 
portion, determining a defect to be a foreign matter 
defect based on a difference image signal obtained 
from comparison of the multiple-focus image sig- 
nals with each other, and determining a defect to 
be a discoloration defect based on a difference 
image signal obtained from comparison of differen- 
tiated image signals with each other obtained from 
differential processing of the image signals. 

7. A defect detection method according to 
claim 6, wherein a defect which is not determined 
to be one of a foreign matter defect and a discolor- 
ation defect is determined to be a deformation 
defect. 

8. A defect detection method for a pattern to 
be inspected which pattern is processed in a plu- 
rality of stages in respective processing devices, 
comprising the steps of performing inspection on 
the pattern to be inspected before and after pro- 
cessing of the pattern in a respective processing 
device by inspecting for at least one of a foreign 
matter defect a discoloration defect and a de- 
formation defect, determining whether a defect oc- 
curs in the same position on the pattern to be 
inspected before and after processing in the pro- 
cessing device, and classifying a defect as a fatal 
defect of the pattern to be inspected by detecting 
that a defect determined to be a foreign matter 
defect in the inspection before processing in the 
processing device is determined to be one of a 
deformation defect and a discoloration defect in the 
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inspection after processing in the processing de- 
vice. 

9. A defect detection method for a pattern to 
be inspected, comprising the steps of obtaining an 

5 image signal of the pattern to be inspected, obtain- 
ing an image signal of a corresponding reference 
pattern having no defect, and detecting a discolor- 
ation defect of the pattern to be inspected by 
comparing the image signals, wherein the detection 

io of the discoloration defect is effected independent- 
ly of wavelength of light utilized in obtaining the 
image signals. 

10. A defect detection method according to 
claim 9, wherein the step of detecting a discolor- 

75 ation defect includes obtaining a difference image 
signal from comparison of differentiated image sig- 
nals of the pattern to be inspected and the cor- 
responding reference pattern by differential pro- 
cessing of the image signals. 

20 1 1 . A defect detection method for a pattern to 

be inspected, comprising the steps of obtaining a 
dark field image for the pattern to be inspected and 
a corresponding reference pattern having no de- 
fect, obtaining a bright field image of the pattern to 

25 be inspected and the corresponding reference pat- 
tern, comparing the obtained dark field images with 
each other and comparing the obtained bright field 
images with each other, and determining at least a 
discoloration defect based upon the dark field im- 

30 age comparison and the bright field image com- 
parison. 

12. A defect detection system for a pattern to 
be inspected comprising means for obtaining 
multiple-focus images of the pattern to be inspect- 

35 ed and providing an output indicative thereof, and 
means responsive to the output of the multiple- 
focus images obtaining means for detecting a de- 
fect on the pattern to be inspected in accordance 
with the obtained multiple focus images. 

40 13. A defect detection system according to 

claim 12, wherein the means for obtaining multiple- 
focus images of the pattern to be inspected include 
means for one of simultaneously obtaining a plural- 
ity of images of the pattern to be inspected at 

45 different focal positions, and means for sequentially 
obtaining a plurality of images of the pattern to be 
inspected at different focal positions. 

14. A defect detection system according to 
claim 13, wherein the means for simultaneously 

so obtaining the plurality of images at different focal 
positions includes a plurality of image pickup 
means having different focal positions for simulta- 
neously picking up an image of the pattern to be 
inspected. 

55 15. A defect detection system according to 

claim 13 wherein the means for sequentially obtain- 
ing a plurality of images of the pattern to be 
inspected at different focal positions includes pic- 

10 
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kup means and means for moving the pattern to be 
inspected so as to place the pattern at different 
focal positions with respect to the pickup means, 
the pickup means obtaining an image of the pattern 
to be inspected at a plurality of different focal 
positions after movement of the pattern to the 
different focal positions by the moving means. 

16. A defect detection system according to 
claim 12, further comprising means for obtaining 
multiple-focus images of a reference pattern having 
no defect corresponding to the pattern to be in- 
spected, and the means for detecting a defect on 
the pattern to be inspected including means for 
comparing at least one of the multiple-focus im- 
ages of the pattern to be inspected with a cor- 
responding one of the multiple-focus images of the 
corresponding reference pattern. 

17. A defect detection system according to 
claim 16, wherein the means for detecting a defect 
includes means for at least one of detecting a 
foreign matter defect, a discoloration defect, and a 
deformation detect. 

18. A defect detection system according to 
claim 16, wherein the means for detecting a defect 
includes means for detecting at least two of a 
foreign matter defect a discoloration defect and a 
deformation defect 

19. A defect detection system according to 
claim 16, wherein the means for detecting a defect 
includes means for comparing at least one of the 
multiple-focus images of a pattern to be inspected 
with a corresponding at least one of the multiple- 
focus images of the corresponding reference pat- 
tern, foreign matter defect determination means for 
determining a defect to be a foreign matter defect 
in accordance with a difference image signal ob- 
tained by comparing multiple-focus images of the 
pattern to be inspected and the corresponding ref- 
erence pattern with each other. 

20. A defect detection system according to 
claim 16, wherein the means for detecting a defect 
includes discoloration defect determination means 
for determining a defect to be a discoloration de- 
fect comprising differentiation means for differen- 
tiating the multiple-focus images of the pattern to 
be inspected and the corresponding reference pat- 
tern, means for comparing the differentiated im- 
ages to provide a difference image signal of the 
compared differentiated images, and means for de- 
termining a discoloration defect in accordance with 
the difference signal. 

21. A defect detection system according to 
claim 19, wherein the means for detecting a defect 
further includes discoloration defect determination 
means for determining a defect to be a discolor- 
ation defect comprising differentiation means for 
differentiating the multiple-focus images of the pat- 
tern to be inspected and the corresponding refer- 



ence pattern, means for comparing the differen- 
tiated images to provide a difference image signal 
of the compared differentiated images, and means 
for determining a discoloration defect in accor- 
5 dance with the difference signal. 

22. A defect detection system according to 
claim 21, further comprising deformation determi- 
nation means for determining a defect to be a 
deformation defect when the defect Is not deter- 

70 mined to be one of a foreign matter defect and a 
discoloration defect. 

23. A defect detection system according to 
claim 21, further comprising storage means for 
storing the obtained images. 

is 24. A defect detection system according to 

claim 21 . wherein the foreign matter defect deter- 
mining means includes means for judging a defect 
to be a foreign matter defect in accordance with 
values of difference image signals of the multiple- 

20 focus images of the pattern to be inspected and 
the corresponding reference pattern. 

25. A defect detection system according to 
claim 21, wherein the discoloration defect deter- 
mining means includes means for judging a defect 

25 to be a discoloration defect in accordance with 
values of difference image signals of the multiple- 
focus images of the pattern to be inspected and 
the corresponding reference pattern. 

26. A defect detection system according to 
30 claim 17, further comprising storage means for 

storing the position of a defect detected by the 
defect detection means, the foreign matter defect 
determination means and the discoloration defect 
determination means being responsive to the posi- 
35 tion of the defect as stored by the storage means 
for determining the defect to be a foreign matter 
defect and a discoloration defect. 

27. A defect detection system for a pattern to 
be inspected which pattern is processed in a plu- 

40 rality of stages in respective processing devices, 
comprising means for performing inspection on the 
pattern to be inspected before and after processing 
of the pattern in a respective processing device by 
inspecting for at least one of a foreign matter 

45 defect, a discoloration defect and a deformation 
defect, means responsive to the inspection means 
for determining whether a defect occurs in the 
same position on the pattern to be inspected be- 
fore and after processing in the processing device, 

so and means responsive to the determining means 
for classifying a defect as a fatal defect of the 
pattern to be inspected by detecting that a defect 
determined to be a foreign matter defect in the 
inspection before processing in the processing de- 

55 vice by the determining means is determined to be 
one of a deformation defect and a discoloration 
defect in the inspection after processing in the 
processing device by the determining means. 
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28. A defect detection system for a pattern to 
be inspected, comprising means for obtaining an 
image signal of the pattern to be inspected, means 
for obtaining an image signal of a corresponding 
reference pattern having no defect, and means for 5 
detecting a discoloration defect of the pattern to be 
inspected by comparing the image signals, wherein 
the detection means enables detection of the dis- 
coloration defect independently of wavelength of 
light utilized in obtaining the image signals by the 10 
image signal obtaining means. 

.29. A detect detection method according to 
claim 28, wherein the discoloration defect detecting 
means includes differentiation means for differen- 
tiating the image signals of the pattern to be in- 15 
spected . and the corresponding reference pattern, 
means for comparing the differentiated image sig- 
nals to- provide a difference signal, and means for 
determining a discoloration defect in accordance 
with the difference signal. 20 

30. A defect detection system for a pattern to 
be inspected, comprising means for obtaining a 
dark field image for the pattern to be inspected and 
a corresponding reference pattern having no de- 
fect, means for obtaining a bright field image of the 25 
pattern to be inspected and the corresponding ref- 
erence pattern, means for comparing the obtained 
dark field images with each other and for compar- 
ing the obtained bright field image with each other, 
and means for determining at least a discoloration 30 
defect based upon the dark field image comparison 
and the bright field image comparison. 
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© Defect detection system and method for pattern to be inspected. 



© A defect detection system and method for a 
pattern to be inspected wherein multiple-focus im- 
ages of the pattern to be inspected are obtained and 



a defect on the pattern to be inspected is detected 
utilizing the multiple-focus images. 
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